


















































Photomicrograph of kaolin clay. 

Clay Research 
Although the clay deposits of the Minnesota River Valley have 
been known for decades, only recently have they been studied 
intensively to identify high-quality deposits. Today, the kaolin 
clays of the Valley are used only in the production of cement 
and bricks. Research conducted by the University will assist 
industry by locating the best quality clay in the Minnesota 
River Valley and central Minnesota. Other work is aimed at 
the production of more valuable products. 

Recently completed laboratory scale research to reduce 
particle size, and silica and iron contents have been 
successful and could now be pursued in larger scale tests. 
The resulting product is of a grade fine enough for coating 
paper, or any of the hundreds of other uses of kaolin clay. 

Work at the University of Minnesota, Duluth, has helped 
narrow the parameters of exploration by determining the 
composition of parent rocks associated with the best grade of 
primary clay deposits. It has also pointed toward extensive 
secondary deposits which might be even more valuable. 



Current Projects 
Aggregate resource mapping will move into Isanti and 
Benton Counties, and additional deposits of sand and gravel 
threatened by urban development will be identified under a 
separate project. Restoration demonstration projects for 
sand and gravel pits will continue to move ahead at two sites 
near Zipple Bay State Park in Lake of the Woods County 
which were seeded to native grasses in the summer and fall 
of 1991. Earth moving will begin in another site near Bemidji 
in the spring of 1992. Data on kaolin clay in central and 
northern Minnesota will be gathered into a report. In 
southeastern Minnesota, carbonate resources will be studied 
for possible use as flux material for the taconite industry. 
Dimension stone deposits that could be leased as quarry 
sites will be identified. And finally, the market for industrial 
minerals will be studied to evaluate current and potential 
markets for Minnesota minerals. 



Minerals 
Basic Research 
The purpose of this portion of the Mineral Diversification 
Program is to generate mi_neral research ideas by providing 
small amounts of money to faculty at degree-granting 
institutions in Minnesota. The money is used for preliminary 
evaluations of promising geologic or mineral-processing 
concepts. Projects funded in FY '90 - '91 included: 

• Image processing of gravity and magnetic data 
• Copper/nickel separation using reduced iron powders 
• Flotation of platinum-group minerals from Duluth 

Complex minerals 
• Identification of diamond-bearing Kimberlites in 

Minnesota 
• Geology and petrogenesis of the Greenwood Lake 

area in Lake County 
• Optimal production scheduling for non-ferrous 

operations in Minnesota 

This research has had beneficial results. For example, the 
image processing work has lead to the production of several 
new maps based on existing data. The U.S. Bureau of 
Mines became interested in work done on Duluth Complex 
minerals and has subsequently sponsored additional work in 
this area. Finally, the geologic work done in Lake County 
has substantially increased our knowledge of an area with 
high mineral potential. 



Financial Data 

SUMMARY BUDGET SHEETS 

Sources of Funding 
MCCBase Coop. Res. LCMR Other Total 

FY 90-91 (1,000's) 
The Iron Industry 302.0 627.0 200.0 260.0 1,389.0 
Non-Ferrous Minerals 940.3 860.0 87.5 1,887.8 
Industrial Minerals 271.0 130.0 244.0 645.0 
Minerals Basic Research 111.0 111.0 

Total 1,624.3 627.0 1,190.0 591.5 4,032.8 

FY 92-93 (1,000's) 
The Iron Industry 264.0 650.0 550.0 1,464.0 
Non-Ferrous Minerals 897.4 120.0 1,017.4 
Industrial Minerals 320.0 320.0 
Minerals Basic Research 100.0 100.0 
Unallocated 46.6 46.6 

Total 1,628.0 650.0 120.0 550.0 2,948.0 

MINERAL DIVERSIFICATION CONTRACTS AND PROJECTS FY 92-93 

The Iron Industry 
Improved Classification 
Phase II AISI/MN Silica 
Water treat/Flotation 
Value-added Technology 
Iron Mining in MN 

Subtotal 

Non-Ferrous Minerals 
Geo. Drill & Map NW MN 
Geo. Strat. S. Kawishiwi 
Bedrock Map-Duluth Area 
Drill Core Exam & Assay 
Quaternary Map NC MN 
Cu, Ni, & PGM Flotation 
Gold-Early Prot. Panokean 
Non-Ferrous Reclamation 
Geo/Mining Brochure 
Severed Minerals 

Subtotal 

Industrial Minerals 
Kaolin in Cent. MN 
Sand & Gravel Inventory 
Carbonate Beneficiation 
Dim. Stone Inv. 
Sand/ Gravel Restoration 
Industrial Minerals Transportation Study 
Kittson Bloating Clays 

Subtotal 

Basic Research 

Organization 

NRRI 
NRRI/CME 

NRRI 
DNR 
DNR 

MGS 
NRRI 
MGS 
DNR 
MGS 
CME 

NRRI 
DNR 
DNR 
DNR 

NRRI 
DNR 
NRRI 
DNR 
DNR 
NRRI 
NRRI 

UofM 

Total Mineral Diversification Contracts and Projects 
Diversification Appropriation 

Amount 

80,000 
100,000 

55,000 
20,000 
9,000 

264,000 

325,000 
150,000 
135,000 

90,000 
95,000 
3,400 

25,000 
36,000 
18,000 
20,000 

897,400 

60,000 
115,000 

50,000 
40,000 
20,000 
10,000 
25,000 

320,000 

100,000 

1.581.400 
1,628,000 



MINERALS COORDINATING COMMITIEE 
MINERAL DIVERSIFICATION BUDGET PROPOSAL FOR FY94-95 

Historical Funding Levels 
FY88-89 Biennium 

FY00-91 Biennium 
FY92-93 Biennium (appropriated) 

FY92-93 Biennium (after budget cuts) 

1,408.0 

1,624.2 

1,628.0 

1,264.0 

MINERAL DIVERSIFICATION PROJECTS 

Ferrous Projects 

Value-added research to suppport 

projects selected by the Taconite 

Enhancement Committee 

Salt roasting of Minnesota vanadium ores 

Creation of artificial wetlands in tailings basins 

High temperature reduction test for pellets 

Sub-total: Ferrous Projects 

Non-ferrous Projects 
Geologic drilling and mapping in the Penokean 

Orogen in east central Minnesota 

Examination and assay of drill core from 

central Minnesota 

Igneous stratigraphy of the Duluth Complex 

Preparation of geologic index maps for DNA 

regions 1 and 2 using GIS techniques 

Petrology and metalogenes1s of the southern 

portion of the Duluth Complex 

FY94-95 

270.0 

65.0 

35.0 

65.0 

435.0 

FY94-95 

365.0 

115.0 

135.0 

36.5 

45.5 

Non-ferrous projects (cont.) FY94-95 

Use of lithogeochemistry to locate white smokers 50.0 

(lead-zinc mineralization) in the Animike Basin 

Wetland treatment of mine drainage 

Sub-total: Non-ferrous Projects 

Industrial Minerals Projects 
Geologic controls on clay grades: Minnesota 

River Valley west of Redwood Falls 

36.0 

783.0 

FY94-95 

155.0 

Aggregate mapping: sand and gravel inventory 40.0 

Sand and gravel restoration 

Dimension stone inventory 

Continued development of Kittson County 

bloating clays 

Industrial minerals inventory 

Sub-total: Industrial Minerals Projects 

TOTAL ... 

30.0 

30.0 

. 115.0 

37.0 

407.0 

1,625.0 
= 



Iron Ore Cooperative Research FY92-93 

Project State Matching Match 
PROJECT TITLE Amount Contribution Funds Contributor 
Improved Classification 60,000.00 30,000.00 30,000.00 Cliffs Mining Services 
Corrosion of Grate Castings 99,302.00 71,488.00 27,814.00 UofM/Minerals Institute 
Dry Cobbing of Rod Mill Feed 40,000.00 20,000.00 20,000.00 USX Corporation 
In-Plant Test of PAR-TEC 200 57,000.00 52,500.00 4,500.00 USX Corporation 
Oxygen Enrichment - Phase II 80,000.00 40,000.00 40,000.00 Cliffs Mining Services 
Column Flotation Optimization 60,000.00 30,000.00 30,000.00 USX Corporation 
On-line Moisture Analysis 42,500.00 21,250.00 21,250.00 USX Corporation 
Vertimill Grinding System 42,500.00 24,250.00 17,750.00 USX Corporation 
Screening Test 25,000.00 12,500.00 12,500.00 USX Corporation 
Blast Fragmentation 62,250.00 29,750.00 32,500.00 USX Corporation 
Belt Sizer 51,750.00 25,000.00 26,750.00 USX Corporation 
Pellet Improvement Series IV 100,000.00 50,000.00 50,000.00 Cliffs Mining Services 
Grate Bar - Transpiration 31,300.00 31,300.00 0.00 No Match Provided 

Evaluation of CFS Classifier 34,000.00 17,000.00 17,000.00 USX Corporation .. 
Evaluation of Ferrous Wheel 31,000.00 13,000.00 18,000.00 USX Corporation 
Ported Grate Kiln Design 18,000.00 9,000.00 9,000.00 Industrial Partners 

Liberation of Problem Ores 1 25,000.00 12,500.00 12,500.00 Industrial Partners 
Liberation of Problem Ores 2 36,750.00 17,500.00 19,250.00 USX Corp 
Inter-Lab Testing 37,125.00 0.00 37,125.00 Industrial Partners 
Bentonite Study 7,000.00 0.00 7,000.00 Industrial Partners 
HTSM Testing 21,000.00 0.00 21,000.00 Industrial Partners 

Totals 961,477.00 507,038.00 453,939.00 
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